Kanamycin production by Streptomyces kanamyceticus ATCC 12853 requires magnesium sulfate and potassium phosphate at concentrations of 0.4 and 1.0 g per liter, respectively. The optimal concentrations of Fe and Zn for production of kanamycin are 0.25 and 0.575 ug/ml, respectively, whereas Mo at 0.04 ztg/ml allows maximal cellular growth and antibiotic synthesis. Mn and Ca are without any effect. Cu, Co, Ni, and V have inhibitory effect on growth of the organism as well as on kanamycin formation.
Microorganisms require some specific minerals for their growth and metabolic activities. This requirement for metals varies with the type of the organism as well with the nature of basal medium used. A considerable number of studies have been made on the requirement of metals for growth of different microbes, but there are few detailed investigations of the requirement for metals for actinomycetes during antibiotic biosynthesis (1, 2, 4, 5, 6, 8-12, 14, 16, 17, 21-25) . Results obtained by different authors are sometimes contradictory, probably because of the difficulty of preparing a metalfree medium and also because requirements of metals for antibiotic production vary with the basal medium.
Umezawa et al. reported on the use of K, Mg, Na, Ca, and phosphate in complex media for kanamycin production by Streptomyces kanamyceticus K2J (23) . For a study of the absolute requirement for metals, synthetic medium is usually selected, as complex media may contain considerable amounts of trace elements as contaminants. In the present work, an extensive study has been made on the mineral requirements of S. kanamyceticas for growth and kanamycin production in a synthetic medium.
MATERIALS AND METHODS
The culture of S. kanamyceticus was maintained on a maltose-sodium nitrate-minerals agar slant (14, 15) at 28 C and was subcultured at monthly intervals. The effects of different minerals were studied in the medium consisting of: galactose, 20 .0 g; sodium nitrate, 5.1 g; K2HPO4, 1.0 g; MgSO4 7H20, 0.5 g; FeSO4 .7H20, 0.0025 g; ZnSO4 .7H20, 0.0005 g; water, 1,000 ml; pH 7.5 4 0.1. Triple glass-distilled water was used throughout the experiments.
In a typical experiment, the nutrient being tested was first omitted from and then added to the basal medium in graded doses in separate flasks to determine the optimal concentration. In each subsequent experiment, the composition of the basal medium was so altered as to include an optimal amount of an element from the previous study. Chemicals for the medium were of analytical reagent grade and were obtained from E. Merck. Sugar, sodium nitrate, and dipotassium hydrogen phosphate were further made free from trace elements by two different purification techniques: (i) the chelation method (13) and (ii) the adsorption method (18) . With the chelation method, the necessary amounts of galactose, sodium nitrate, and dipotassium hydrogen phosphate were each dissolved separately in 200 ml of triple-distilled water, and the resulting solutions were shaken twice with a mixture of 0.1 g of 8-hydroxyquinoline and 5 ml of chloroform in a separating funnel-first at pH 7.2 and then at pH 5.2 (13) . After each extraction, the solution was washed three times with 5 ml and then once with 10 ml of chloroform to free the medium from traces of 8-hydroxyquinoline. Clean Pyrex glassware was used throughout the study. Solutions of galactose, sodium nitrate, phosphate, and a mixture of other minerals were sterilized separately. It was observed from preliminary studies that use of the chelation method of purification of the medium for the removal of trace element impurities resulted in low synthesis of kanamycin by the organism.
So another method of purification, viz., the adsorption method, was employed to make the solutions of sugar, sodium nitrate, and dipotassium hydrogen phosphate free from trace minerals (18) .
The solutions of sugar, nitrogen source, and phosphate were each heated in an autoclave for 15 min, at The calcium precipitate itself serves as a gatherer or adsorbent. The filtered solutions of sugar, nitrate, phosphate and the mineral solution were sterilized separately and mixed in required amounts just prior to inoculation. After the medium had been dispensed in 30-ml volumes in 100-ml Erlenmeyer flasks, its pH was adjusted to 7.5 4 0.1.
The inoculum was developed in Lepage broth (3) for 48 h. The 48-h-old cells of S. kanamyceticus in Lepage broth were centrifuged, washed twice with sterile water, and then suspended in sterile water. A 0.5-ml portion of this suspension was used to inoculate each flask. Flasks were incubated at 28 C on a rotary shaker (250 rpm, eccentricity 1.27 cm) for 7 days. Occasional checking of the flasks to drop adhering cells into the medium was necessary during the first 48 h of shaking. Incubation temperature was 28 C.
Determination of kanamycin potency. The filtered broth was diluted with potassium phosphate buffer (pH 8), and the estimation of kanamycin was made by a modified cup-plate method, with Bacillus subtilis (strain B3) as the test organism. Kanamycin sulfate (Kantrex; Bristol Laboratories, Syracuse, N.Y.) was used as the standard, and the results are expressed in terms of micrograms of antibiotic per milliliter.
Determination of growth. The mycelium was separated from the culture broth by means of suction filtration on a sintered-glass funnel (G-1) through a Whatman no. 1 filter paper disk (3.0 cm) which had previously been dried for 24 h at 70 5 C. After filtration, the paper disks were dried again at 70 ± 5 C to constant weight and weighed. To check the variation of weight of filter paper, a blank was also prepared in each set.
A glass-electrode pH meter was used for pH measurement.
RESULTS AND DISCUSSION
For studying the effects of MgSO, .7H2O, K2HPO,, NaCl, and KCl on kanamycin production, rigorous purification of the medium was not done, as these were tested at higher concentrations. The results are shown in Tables 1 to 3 .
The optimal concentrations of MgSO, -7H20 and K2HPO, for kanamycin formation in the synthetic medium are 0.4 g and 1.0 g per liter, respectively ( Fig. 1 and Tables 1 and 2 ).
NaCl and KCl were without any effect (Table  3 ). Higher concentration of phosphate interfered with kanamycin synthesis. A similar observation was made by Majumdar and Majumdar in neomycin biosynthesis (14) .
The effects of the elements Fe, Zn, and Ca on growth of S. kanamyceticus for kanamycin synthesis were first studied in the synthetic medium purified by the chelation method. It was observed that the elements iron and zinc are required at concentrations of 0.5 and 0.115 gg/ml, respectively, for maximal antibiotic were as described in the yield (data not shown). Calcium is without any effect on kanamycin synthesis. Iron was essentially required for both growth and antibiotic formation, although its optimal concentrations for growth and antibiotic synthesis were different. Zinc is essential for antibiotic formation as no kanamycin was synthesized in the absence of zinc.
But the most striking observation was that the medium purified by the chelation method fore, studied in a synthetic medium purified by the adsorption method. The results are shown in Tables 4 to 7 and graphically represented in Fig.  2 and 3 .
It appears from the results that the elements Fe, Zn, and Mo are required at concentrations of 0.25, 0.575, and 0.04 ul/ml, respectively, whereas Ca is without any stimulatory effect on kanamycin synthesis; rather, at higher concentrations, it exerted some inhibitory effect (Table 7 and Fig. 3b) . Mo had slight stimulatory effect on both growth of the organism and antibiotic formation (Table 6 and Fig. 3a) . Cu, Mn, Co, Ni, and V were also studied for their effects on growth and antibiotic formation (data not shown). Cu, Co, and Ni were found to be inhibitory to the growth of the organism, and the antibiotic yield was also lowered in each case. Mn and V were without any pronounced effect either on cellular growth or antibiotic formation.
A careful observation of the individual roles played by different metal ions reveals that iron has an important role both in cellular growth and in kanamycin biosynthesis (Table 4 and Fig. 2a) . It is interesting to note that cellular growth (though poor) is possible even in the VOL. 8, 1975 on October 2, 2017 by guest http://aac.asm.org/ complete absence of iron. This might be due to two reasons: (i) the medium used could not be made perfectly free from iron, or (ii) some other bivalent cations exerted sparing effect for iron. Zinc is another important trace element for the synthesis of kanamycin by the organism S. kanamyceticus. No kanamycin was produced in the absence or at low concentrations of zinc (Fig. 2b) , although there was some considerable growth of the organism ( Table 5) . As a stimulator of kanamycin synthesis, zinc might be involved in the enzyme system utilized at some steps of kanamycin biosynthesis. The optimal concentration of zinc for kanamycin formation was five times the concentration required for optimal growth (Table 5 ). Similar observation with respect to iron on streptomycin biosynthesis was reported by Chesters and Rollinson (5) .
Both Mo and Ca were found to promote cellular growth; Mo also showed slight stimulation of antibiotic synthesis.
As a result of the present study a suitable synthetic medium was selected with the following composition: galactose, 20.0 g; NaNOs, 5.1 g; K2HPO4, 1.0 g; MgSO4.7H20, 0.4 g; FeSO4-7H20, 0.00125 g; ZnSO47H20, 0.0025 g; Na2-MoO,-2H20, 0.0001 g; water, 1,000 ml; pH 7.5 + 0.1. This medium produced 195 Ag of kanamycin/ml.
